Cross-circulation through normal recipient dogs of blood from saline-loaded donor dogs that had escaped from desoxycorticosterone acetate (DCA) resulted in a sixfold rise in renal sodium excretion in the recipients. The change occurred without a detectable alteration in filtered sodium (F N(t ). To investigate the locus of secretion of a humoral factor responsible for the natriuresis, a series of ablational procedures was performed in DCA-escaped, saline-loaded donors. Nephrectomy, hepatectomy, or decapitation before saline loading and cross-circulation failed to block the increase in renal sodium excretion in the recipients. Analysis of periods during cross-circulation with a decrease in F Na lower than the lowest control value showed that sodium excretion was elevated significantly above control levels in experiments with normal, hepatectomized, and decapitated donors. In contrast, with nephrectomized donors the increase in sodium excretion in the recipients was negligible. This finding points to the need for further study of the kidney as a possible source of a humoral factor in the control of renal salt excretion.
els of antidiuretic hormone (ADH) and constant plasma sodium concentration (2) (3) (4) (5) (6) . The natriuresis does not correlate with hemodilution and occurs even when the plasma protein concentration is restored to normal or increased levels (2, 7, 8) . Micropuncture studies (9) have provided direct evidence for decreased fractional sodium reabsorption by the proximal tubules during saline diuresis. De Wardener and associates (1) suggested that a humoral factor may be involved in the renal response to saline loading, but the effects of increases in filtered sodium (F Na ) were not excluded in their cross-circulation studies. A similar conclusion was reached by Lichardus and Pearce (10) from studies with an isolated perfused kidney preparation. Recently, we demonstrated (11) that cross-circulation of blood from a salineloaded donor dog to a normal recipient dog produced a significant natriuresis in the recipient even when the filtered sodium (F N ,) was reduced by aortic constriction. The present study confirms the original observation (11) and investigates by the cross-circulation technique the possible locus of secretion of a humoral factor. Blood was cross-circulated through normal recipient dogs from salineloaded donor dogs that were nephrectomized, hepatectomized, or decapitated. The donors had received desoxycorricosterone acetate (DCA) for 3 days and had escaped from the sodium-retaining action of this steroid.
Materials and Methods
The methods of cross-circulation and saline loading have been described (11) . By use of a crossover design in the connecting tubing and by reversing the direction of blood flow, correction was made for minor imbalances in the rates of transfer of blood by the two channels of the pump (Fig. 1 ). Mongrel female dogs weighing DONOR RBOIPIBNT
FIGURE 1
Method of cross-circulation. Blood was transferred by a Harvard peristaltic pump from the aorta of the donor to the aorta of the recipient through polyvinyl tubing which was introduced via the femoral artery. Blood was returned from the inferior vena cava of 15 to 25 kg were selected and paired on the basis of blood compatibility, which was determined by crossmatching. The dogs were fed a synthetic diet containing 60 mEq of sodium and 18 mEq of potassium per day. All donors received 15 mg of DCA daily for 2 days before and on the morning of the cross-circulation experiment. No food was given for 24 hours before crosscirculation but water was allowed ad libitum. All animals were anesthetized with sodium pentobarbital (30 mg/kg) intravenously, and endotracheal intubation was performed. An antihistaminic agent, diphenhydramine hydrochloride (Benadryl), 50 mg, was given intramuscularly to both donor and recipient dogs before the control observations were begun. Heparin was used as an anticoagulant. The donor was saline loaded by rapid intravenous injection of 1 liter of 0.85% saline followed by intravenous infusion of 0.85% saline at 9 ml/ min. The renal clearances of exogenous creatinine (C Cr ) and para-aminohippurate (C PAH ) were determined by standard techniques. Plasma and urinary sodium and potassium were measured by flame photometry. Arterial blood pressure was recorded continuously from the brachial arteries of both donor and recipient by a Statham pressure transducer and a Sanborn recording system. Filtered sodium was calculated from the plasma sodium concentration and the Co using a Donnan factor of .95.
Two 30-min control observations were made, studies were conducted for four 30-min periods during cross-circulation, and finally two 30-min recovery observations were made. Fifteen to 20 min were allowed at the beginning and end of cross-circulation for washout of the urinary dead space. The recipient dogs were weighed before and after the experiment.
Four series of animals were studied. In series I, blood was cross-circulated from intact saline-loaded donor dogs to normal recipient animals. In series II, the donors had a functional hepatectomy before saline loading was begun. The hepatic artery was ligated, a portocaval shunt was performed, and a large polyvinyl tube was tied into the inferior vena cava to occlude the hepatic veins; blood then flowed in an unrestricted manner through the inferior vena cava. The donor the recipient to the inferior vena cava of the donor through polyvinyl tubing inserted into the femoral veins. The direction of pumping blood was reversed every 10 min. During the 10-min periods, blood was pumped through alternate channels of the pump for 5-min periods. This was accomplished by the crossover design in the tubing; the flow of blood into the appropriate channels was controlled by clamps (not shown) on the tubing. CircmUtio* Ruurcb, Vol. XX, Jnmtn 1967 dogs were given an infusion of 5* glucose at approximately 1 ml/min in addition to the saline load; 3 of the dogs required slow infusion of norepinephrine to maintain an adequate arterial blood pressure. Otherwise, the experimental design was the same as for series I. In series III, before saline loading the donor dogs were decapitated by a procedure described previously (12) . All decapitated animals were supported with a Harvard respirator, and a continuous infusion of norepinephrine was given to maintain arterial blood pressure. In series IV, the donor dogs were bilaterally nephrectomized through a midline abdominal incision before the saline infusion was given; the blood supply to the adrenal glands was not disturbed.
Results

Series 1.
Normal donors (n = 14). Crosscirculation in a recipient dog resulted in a large increase in renal sodium excretion for the first three cross-circulation periods. Figure 2 shows the data obtained during these periods and during the final two cross-circulation periods, when sodium excretion fell with the drop in arterial blood pressure and glomerular filtration rate. The average changes observed in the 14 recipient dogs in renal sodium excretion (U N .V), F Na , C PA H, plasma sodium concentration, arterial blood pressure, hematocrit, and body weight are presented in Table 1 . For the group, the Responses in a recipient dog cross-circulated with blood from a DCA-escaped, saline-loaded donor animal.
increase in sodium excretion was abrupt in onset and persisted for all four periods during cross-circulation; a decrease toward normal occurred during the recovery periods. The increment in sodium excretion occurred without a detectable change in glomerular filtration rate or F Nt . Body weight of the recipient dogs was unaltered after 2 hours of cross-circulation. Hematocrit fell 1% during the first cross-circulation period and was re- duced 3% at the end of the cross-circulation. There was no consistent relationship between the fall in hematocrit and the rise in renal sodium excretion, and in individual experiments the renal sodium excretion increased even when the hematocrit rose. During crosscirculation there were 24 periods in eight experiments in which the F was lower than the lowest control value (Fig. 3) . The increase in renal sodium excretion for these periods averaged 86 ± 24 /xEq/min (P < .001) above the corresponding control level of 29 /iEq/min; the F N « fell 1.22 mEq/min, a 16% drop from the mean control level of 7.54 mEq/min for these periods. Arterial pressure declined slightly in the recipient and donor dogs during cross-circulation.
In the donor dogs, the natriuresis continued throughout the experiment. During cross-circulation the average absolute rate of renal sodium excretion in the donors was ap- Relationship of the rise in renal Na excretion to the fall in F Na for individual periods in which the F Ka was less than the lowest control F Na oalue.
proximately five times greater than in the recipients ( Table 2) .
A control experiment on the effects of crosscirculation of blood from non-saline-loaded dogs given DCA through normal recipients was reported earlier (11) . Sodium excretion failed to increase significantly for the group of recipient animals. The apparent small increase in tibe recipient dogs was a reflection of higher values in only 1 of the 8 dogs in this control group.
Series II. Hepatectomized donors (n = 8). An example of experiments in which an increase in renal sodium excretion was associated with a spontaneous fall in glomerular filtration rate and F Na is shown in Figure 4 . The changes obtained in renal sodium ex-
UWTES FIGURE 4
Response in a recipient dog cross-circulated with blood from a hepatectomized, DCA-escaped, salineloaded donor dog. Note the large increase in renal Na excretion associated with a spontaneous fall in F Na and mean arterial blood pressure. Data from dog 5 in Table 3 . cretion and filtered sodium in the 6 recipient dogs during cross-circulation of blood from saline-loaded donors that were functionally hepatectomized are presented in Table 3 .
There was an average increase in sodium excretion from control values of 37 and 43 yuEq/min to 115, 129, 88 and 63 /nEq/min for the four periods during cross-circulation. The responses in sodium excretion in individual dogs varied considerably, and the variations were similar in magnitude to those observed in series I ( Table 1 ). The average filtered sodium in the recipient animals fell progressively during the cross-circulation and was significantly lower (P<.02) during period 3 than during the two control periods (Table 3 ). Arterial pressure in the dogs declined during cross-circulation, but the body weight of the recipients remained constant. The fractional reabsorption of sodium decreased in nine periods during cross-circulation in six individual experiments (Fig. 3 ).
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Renal sodium excretion increased 79 min for these periods (P<.005); this was associated with a 16$ fall in F of 1.27 mEq/min for the corresponding periods.
Series III. Decapitated donors (n = ll). The results in renal sodium excretion and filtered sodium for individual periods for all the recipient dogs that received blood from decapitated animals given a saline load are presented in Table 4 . Observations from dog 4, which had the largest response, are presented in Figure 5 . For the series of 11 dogs there was an average increase in sodium excretion from control values of 28 and 30 to 56, 73, 74 and 61 f i Eq/mia for the 4 periods during cross-circulation. Although these increments are smaller than those observed in the other three series, the increases are significant at the 0.05 level. Some blunting of the response may have resulted from the effect of norepinephrine on the renal vasculature. There was a small progressive fall U Na V = renal sodium excretion. F N . =filtered sodium.
Renal Sodium Excretion in pJLq/min and Filtered Sodium in mEq/min for Recipient Dogs in Series HI (Donor Dogs Decapitated)
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FIGURE 5
Responses in a recipient dog cross-circulated with in filtered sodium from a control level of 7.80 mEq/min to 6.55 mEq/min during the fourth period of cross-circulation (P<.02). Also, there was a small progressive fall in mean arterial pressure in the recipients during cross-circulation, and the hematocrit fell 5%. As in the previous series, there were periods during cross-circulation (20 in seven experiments) in which renal sodium excretion increased and F N , decreased below the lowest control value (Fig. 3) . The renal sodium blood from a decapitated, DCA-escaped, salineloaded donor dog. Note the increase in renal sodium excretion associated with a large spontaneous fall Mean excretion for these periods increased by 65 /xEq/min from a mean control value of 37 /iEq/min (P<.005), while the F N« decreased 1.40 mEq/min, a 17% fall from the control level of 8.22 mEq/min for these periods. Series TV. Nephrectomized donors (n = 11). The results obtained in recipient dogs during cross-circulation of blood from nephrectomized saline-loaded donors are presented in Table 5 . There was an average increase in sodium excretion from control values of 18 and 12 /xEq/min to 78, 100, 80, and 60 /iEq/min for the cross-circulation periods. These increases are all significant at the 0.05 level or less and are similar in magnitude to the increments observed in series I. In the recipients, there were no consistent changes in filtered sodium and the hematocrit fell only gradually and to a maximum of 45£ during cross-circulation. Arterial pressure declined slightly during cross-circulation in both recipients and donors. Body weight of the recipients was constant.
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A HUMORAL NATRIURETIC MECHANISM
Renal Sodium Excretion in iiEq/min and Animals Nephrectomized)
Filtered Sodium in mEq/min for Recipient Dogs in Series IV (Donor
There were 14 periods in five experiments in which there was a spontaneous fall in F N . during cross-circulation to less than the lowest control value. However, many of these periods were not associated with an increase in renal sodium excretion (Fig. 3 ). The mean rise in renal sodium excretion for these periods was only 14 ^Eq/min (P < .02), and this was associated with a 19% decrease in F N , of 1.50 mEq/min from a control level of 7.87 mEq/min. This fall in F Na for the nephrectomy group was not significantly greater than the decreases in F N » in the other groups.
Discussion
Previous studies (2) (3) (4) (5) 13) have demonstrated that a decrease in fractional renal tubular reabsorption of sodium occurs in response to saline loading in the dog, and a decrease in proximal tubular sodium reabsorption has recently been confirmed by micropuncture studies (9) . However, the mechanism for the decrease in proximal tubular sodium reabsorption has not been elucidated.
Evidence from cross-circulation studies that a humoral factor participates in the natriuresis of saline loading in the dog has recently been reported (11) . It was demonstrated that cross-circulation through a normal recipient animal of blood from a salineloaded donor with high blood levels of DCA was accompanied by a natriuresis in the recipient that persisted even when the FN A was reduced by aortic constriction. The present experiments confirm this observation.
It has been postulated that regional changes in renal blood flow promote a natriuresis (13, 14) . In the present studies there was either no significant change or a decrease in the renal plasma flow as measured by CPAH in the recipient dogs. Also, in individual experiments the changes in renal plasma flow did not correlate positively with the increases in renal sodium excretion, natriuresis occurring even when the renal plasma flow diminished. It seems unlikely therefore that an increase in total renal blood flow could account for the natriuresis observed.
It has been proposed that changes in arterial pressure and renal vascular resistance may be important in the regulation of sodium excretion (15) (16) (17) (18) . More specifically, Earley and Friedler (19) recently suggested that increased renal arterial pressure transmitted to the postglomerular capillary could increase interstitial volume and thus decrease tubular volume; it has been suggested that a function of tubular volume is to regulate proximal tubular reabsorption of sodium and that this function is an important factor in glomerular-tubular balance (20) (21) (22) . Although our studies do not bear directly on this hypothesis, aortic arterial pressure and presumably the renal arterial pressure fell in most studies, and many of the dogs showed evidence of vasoconstriction during cross-circulation. Thus the present data give no indication that the natriuresis in the recipients was due to renal vasodilation and increased arterial pressure.
It has been demonstrated by previous studies that the natriuresis produced by saline loading is not explained by changes in mineralocorticoid activity, antidiuretic hormone, serum sodium or dilution of plasma proteins (2, 7, 8) . The alterations in the hematocrit in the present study were very small (Table 1) , and in several individual experiments with increases in renal sodium excretion, the hematocrits rose in the recipients during cross-circulation, thus excluding hemodilution per se as a major responsible mechanism.
The difference in magnitude of the natriuretic response between the donor dogs and recipient dogs has been reported (11, 23) . This difference could be attributed to several factors. First, the glomerular filtration rate of the recipients, instead of increasing as it does in a dog after a saline load, usually remained stable or fell during crosscirculation. Secondly, intravascular volume of the recipient might have decreased in experiments with hemodilution and this might have blunted the natriuretic response (7) . The natriuresis following saline loading is probably a summation of various factors and the response in the recipient represents only the humoral effect. In addition, the humoral effect in the recipient animal is dependent on both the rate of transfer of the hormone and the biological half-life (Tv.) of the substance. If the Tvi is short, the response would not be expected to be maximal in these experiments.
A direct intrarenal action of angiotensin has been proposed. Leyssac (24) suggested CircmUtwm Rtsttrcb, Vol. XX, J***Mrj 1967 that angiotensin depresses proximal tubular reabsorption of sodium, and angiotensin under certain conditions has produced natriuresis (25) (26) (27) (28) . Chronic administration of DCA suppresses plasma and kidney renin (29) , thus the donor dogs in this study probably had low plasma renin and angiotensin levels. The natriuresis in the recipient dogs also occurred when they received blood from DCA-escaped, saline-loaded, nephrectomized donors. It appears unlikely, therefore, that angiotensin is responsible for the natriuresis observed in the recipient animals during cross-circulaton.
These studies do not clarify whether the natriuresis is due to dilution of a sodiumretaining hormone or production of a sodiumlosing hormone. Removal of the liver or decapitation of the donor dog before saline loading failed to block the natriuresis in the recipient animals during cross-circulation. Failure to block the response by the present ablative procedures would be expected if the mechanism was dilution or disappearance of a sodium-retaining hormone in the donor's blood. However, there are certain difficulties in interpreting negative results from ablative experiments. A sodium-losing hormone could still be the operative mechanism, as the factor might be produced in more than one tissue, or it might be produced in one tissue and stored in many tissues until released. Also, other areas, notably the heart and pulmonary vascular bed, have not been investigated. Finally, in the nephrectomized dogs, renal sodium excretion during cross-circulation failed to increase in most of the periods with a low F Na , yet the reduction in F N , was not significantly greater than in the other groups. The mean increase in renal sodium excretion in the nephrectomy group for these periods was significantly less than the value for the comparable periods in the dogs of series I (P<.025). This difference needs further study and a more detailed examination of the kidney as a possible source of a humoral factor.
